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I. Secondary Ion Mass Spectroscopy
To quantify the exact isotope ratios in different samples, we employed secondary ion mass spectroscopy (SIMS) performed by Evans Analytical Group. The relationship between the boron isotope fraction and the Raman peak position is plotted in Fig. S1 . As a means to simply quantify the relationship between the two, a linear fit is provided. A more accurate description of the relationship can be provided through approaches such as the coherent potential approximation, 1 however, as all enrichment levels for each sample provided were determined via SIMS, this additional analysis is outside of the scope of this work. SIMS analysis also allowed us to determine the concentration of elemental carbon in the hBN samples (Table S1) , which was shown to be several orders of magnitude higher in isotopically pure crystals. While the exact increase could not be determined directly due to the concentration in the naturally abundant samples being below the detection limit (on the order of 10 18 cm -3 ), for the highest enriched samples these concentrations were at a minimum on the order of 2 orders of magnitude higher. This carbon contamination is perhaps the cause of suppressed lifetimes in high-purity samples, and reducing it is a promising avenue to achieve further increases in phonon and phonon polariton (PhP) lifetimes in future research. 
II. Raman spectroscopy
Raman spectra were collected for a series of hexagonal boron nitride (hBN) crystals with varying isotopic purity in an effort to quantify the influence on the phonon frequency and linewidth. Spectra for five such crystals are plotted in Fig.  1a of the main text. The linewidth of the phonon peaks were calculated as the full width at half maximum (FWHM) and are given in 
III. First Principles Calculations of the Phonon Lifetimes
These calculations employed first principles density functional theory methods to accurately determine phonon dispersions and lifetimes limited by anharmonic phonon-phonon and phonon-isotope scattering from quantum perturbation theory, all with no adjustable parameters. This approach has demonstrated good quantitative agreement with measured data for phonon dispersions and thermal conductivities of a range of non-metallic materials. [2] [3] [4] Below we provide details relevant to the hBN calculations given here.
We employ density functional theory within the local density approximation as implemented by the Quantum Espresso package 5 to determine structure, phonon SUPPLEMENTARY INFORMATION DOI: 10.1038/NMAT5047
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dispersion and anharmonic couplings for bulk hBN. Ground state electronic structure calculations (12 x 12 x 8 q-grids; 110 Ryd plane wave cutoff) for the AA' stacking configuration give in-plane and out-of-plane lattice parameters a = 2.478 Å and c = 6.425 Å. Harmonic interatomic force constants (IFCs), Born effective charges and the high frequency dielectric tensor were determined from density functional perturbation theory (8 x 8 x 6 k-grid). These determine the long range Coulombic interactions and subsequent splitting of the longitudinal and transverse optic branches 6 . Figure S3 below gives the calculated phonon dispersion, which is in good agreement with available experimental data. Anharmonic IFCs were determined by Γ-point only electronic structure calculations in perturbed 200 atom supercells with interactions to 3 rd nearest neighbors and to nearest neighbor layers.
With the phonon dispersion and anharmonic IFCs as inputs, the phonon lifetimes are determined from first order perturbation theory for each isotope concentration. Third-order anharmonicity 3, 7 and isotope mass variances [8] [9] [10] are perturbations that give phonon transitions using Fermi's golden rule. Again, this scattering formalism has no adjustable parameters and has demonstrated good agreement with phonon lifetimes [11] [12] [13] and thermal conductivity measurements [2] [3] [4] for a variety of different systems.
IV. Extraction of the Infrared Dielectric Function
The infrared dielectric function of hBN has been reported elsewhere for naturally abundant materials. 14, 15 However, the spectral shift and reduced damping of the optic phonons with increasing isotopic enrichment has not previously been quantified. The real and imaginary parts of the permittivity for the two highest enriched and naturally abundant crystals are provided in the Fig. 2a and b of the main text and were used to perform the theoretical calculations of the predicted dispersion relationships ( Fig. 4) , figures of merit (FOM) (Fig. 5a) , and propagation lengths ( Fig. 5b) . To determine these quantities, reflection spectra covering a spectral range including both the upper (UR) and lower Reststrahlen (LR) bands of hBN were collected using a Hyperion 2000 Infrared microscope attached to a Vertex 70v Fourier Transform Infrared spectrometer. Figure S3 : Calculated phonon dispersion of bulk hBN (black curves) compared with measured data from Raman (red squares) 16 , IR (blue diamonds) 17 This was collected using a 15x Cassegrain objective resulting in an incident angle between 11-23°, with a weighted average of ~15°.
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Least-squares fitting to the infrared reflection spectra was performed using the commercial WVase software from J.A. Woolam Inc. assuming a general oscillator of the "TOLO" form. The functional form of this is as follows:
where , !" , !" , Γand ! represent the frequency, the TO and LO phonon frequencies, the phonon damping and the high-frequency permittivity. An initial 
fit was performed for reflectance spectral collected from the crystal source for the naturally abundant hBN flakes discussed in the main text. The extracted fitting parameters were found to be in good agreement with the literature and the above-mentioned Raman spectra. Using the in-plane TO phonon frequencies and linewidths determined from the Raman measurements for the isotopically enriched crystals as an initial starting estimate of the fitting parameters, leastsquares fitting was performed. The extracted dielectric functions were found to be in excellent quantitative agreement with the polariton dispersions plotted in Fig. 4 of the main text, indicating that these provide a good estimation of the material infrared response. A summary of the fitting parameters is provided in Table S4 .
Caldwell et al. 14 
V. Figure of Merit Calculations
The measured line-scan data were extracted from the scattering-type scanning near-field microscopy (s-SNOM) plots. An example of such a plot is presented in Fig. S5a . This data set was Fourier transformed into the spatial-frequency domain (Fig. S5b) . Since the tip-launched and edge-launched signals are both 
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present in the data (double peaks near 1.5 and 1.8 µm -1 in Fig. S5b) , we applied a Lorentzian filter centered around the frequency of the tip-launched polariton mode as determined from a best fit to the raw Fourier transform. The tiplaunched (rather than the edge-launched) peak was chosen because it displayed greater consistency from one data set to another and was generally stronger in amplitude. The filtered signal was transformed back to real space and corrected for the geometric-decay factor expected for the circular waves of the tip-launched polariton (i.e. x -1/2 ). The filtered and corrected tip-launched signal was Fourier transformed back to frequency space and fitted with the Lorentzian function to extract the center frequency [Re(q)] and the HWHM [Im(q)] as in Fig. S5c . The width of the original frequency filter was adjusted until the damping rate, Im(q), converged to its final value. 
VI. Additional Scattering in Isotopically Enriched Flakes
As described in the main text, the smaller size, non-parallel edges and location of additional defects on the isotopically enriched hBN flakes are a potential source of additional scattering. The impact of such scattering on the large-area s-SNOM spatial plots is presented in Fig. S6 a and b for 10 B and 11 B enriched flakes discussed in the main text, respectively. Note that in a, the interference fringes resulting from tip-and edge-launched polaritons from opposite edges are nonparallel and propagate distances sufficient to interfere with one another near the center of the flake. This induces additional apparent damping resulting in shorter polariton propagation lengths. However, these reductions would not be 
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anticipated in larger-area flakes where the edges are separated by multiple propagation lengths. In the case of b, a similar effect is also observed, albeit due to additional polariton launching and scattering from a ridge on the surface of the flake. Neither of these effects was present in the naturally abundant flakes due to the significantly larger lateral dimensions and shorter propagation lengths associated with this material. It is anticipated that with improved growth of isotopically enriched hBN materials, larger flake sizes and lower impurity concentrations can be realized. In this case, the measured propagation lengths and FOMs are anticipated to approach the values predicted by the extracted infrared dielectric functions, as is the case for the naturally abundant crystals. Fig. 3 were taken from the right edge.
VII. Group Velocity and Phonon Polariton Lifetime
In an effort to calculate the polariton lifetimes, the group velocities, ! as a function of in-plane wavector, were determined numerically. This was performed by taking the slope of the frequency-dispersion plots in Fig. 4 / of the main text for the principal mode. This was converted to units of angular frequency. The values for ! determined at the incident frequencies where reliable propagation lengths were reported (Fig. 5b) are presented here as Fig.  S7 . Note that due to variations in the LO-TO phonon splitting, and therefore the widths of the corresponding Reststrahlen bands, differences in ! exist. These differences are expressed in the different calculated phonon polariton lifetimes in Fig. 5b , where despite the longer propagation lengths, ! (at constant ) for the 98.7% h 10 BN with respect to the 99.2% h 11 BN enriched sample, the faster ! for the former results in a slightly shorter lifetime. 
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VIII. Predicted Absorption
We calculated the absorbed fraction of the light upon a single pass through a 100-nm-thick hBN flake using the dielectric functions of the naturally occurring hBN, 98.7% h 10 BN and 99.2% h 11 BN. We further calculated the absorption of a high-purity h 10 BN flake with a 7.5 ps lifetime, which roughly corresponds to the theoretically predicted losses for a 100% enriched mateiral. The results are plotted in Fig S8. The reduced absorption associated with the longer phonon lifetime achieved via isotopic enrichment demonstrates the strong potential for many nanophotonic optics designs including hyperlensing. 
IX. E 1u and E 2g Phonon modes near 1366 cm -1
Two phonons exist at 1366 cm -1 in naturally abundant hBN, the E 1u and E 2g modes. The E 1u mode has a net dipole change and is thus IR active, while the E 2g mode has no net dipole change and is Raman active (Fig. S9) . While these are distinct phonon modes they are similarly affected by isotope composition; this is demonstrated in Fig. 1c which plots DFT calculated lifetimes of both, exhibiting similarly long lifetimes at high isotopic purity (8.34 and 8.47 ps, respectively) and similar trends with changing enrichment. It is important to note that both the E 1u and E 2g are in-plane shearing modes, occur at similar frequencies and therefore it is not surprising that the resultant magnitude of and trends in lifetime with changing isotopic enrichment are similar. Further, and perhaps most importantly, both exhibit nearly identical spectral shifts at varying isotope fractions, shown in Fig. 1a and b of the main text. 
